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SUMMARY 

I  > 

This  document  describes  all  test  work  and  test  results  for  Wm  5- 
(Re Terence  F). 

These  tests  were  conducted  to  evaluate  the  strength,  flexibility,  and  sonic 
and  thermal  fatigue  resistance  of  superalloy  corrugated  skin  panels  and  the 
attachments  of  non- insulated  and  insulated  •'panels  to  primary  structures. 

Panels  with  various  methods  of  attachment  to  primary  structure  were  evaluated,^ 
They  are  identified  below,  by  their  respective  Boeing  drawing  numbers.  Solu¬ 
tion  treated  and  aged  Rene'  4l  was  utilized  for  all  panel  skins,  corrugations,, 
stand-offs,  and  attachment  clip  details 


<25-20.352  Two  non-insuiated  panels  23  by  3 0  inches  were  fabricated  with 

"omega"  groove  breathers  every  six  inches  running  in  the  23" 
direction  in  an  otherwise  flat  skin.  The  skin  was  spot  welded 
to  corrugations.  Flexible  clips  on  long  edges  were  utilized 
as  the  attachment  technique.  The  panels  were-  subjected  to 
cyclic  thermal  fatigue  and  combined  shear  and  pressure  environ¬ 
ments, 

25-20 344-1  Three  non-inculated  panels  23  by  13  inches, constructed 

identical  to  panels  25-20352  except  for  width} were  subjected 
to  sonic  tests. 

25-20369-1  Three  insulated  panels  23  by  17  inches  were  Constructed  with 
Rene'  4l  heat  shields  substituted  for  a  refractory  alloy  heat 
shield.  Shield  attachment  to  the  corrugations  was  effected 
by  riveting  shields  and  corrugations  to  intermediate  one  inch 
long  stand-off  clips.  A.  O.'-’b  inch  layer  of  Fiberfrax  insulation 
separated  the  shields  and  the  corrugations.  Attachment  to 
pri tary  structure  was  accomplished  by  flexible  clips  on  opposite 
short  sides  of  the  panel.  These  panels  were  subjected  to  a 
sonic  environment . 

25-20369-2  Three  panels  similar  to  25-20369-1  except  insulation  was  v,-felt 
and  attachment  was  by  direct  spot  welding  of  panel  to  edge  beams 
which  were  supported  on  flexible  end  fittings.  Sonic  tests  were 
conducted  on  these  panels. 

25-20370-1  Two  noii-insulated  panels  23  by  36  inches,  utilizing  shallow 
protruding  beads  for  expansion  in  the  long  direction  and  for 
increased  skin  stiffness  in  the  short  direction,  were  constructed 
with  the  skin  spot  welded  to  corrugations.  This  panel  was  bolted 
to  beams  which  utilized  flexible  fittings  at  corners  for  attach¬ 
ment.,  to  primary  structure.  This  panel  was  subjected  to  thermal, 
shear,  and  pressure  tests. 


This  panel  was  .the  same  as  25-20370-1  except  that  six  hat 
section  stiffeners  running  in  the  long  direction  were  riveted 


25-20370-29 

*  This  is  not  Boeing  part  no.  25-20370-2 ,  It  is  modified  25-20370-1, 


Volume  1 


N0  D2-80084 


page  2 


UJ-4O7I-IW0 


! 


to  the  corrugation  crests  to  increase  panel  stiffness.  This 
panel  was  subjected  to  thermal  and  pressure  tests. 

25-20374  Two  23  by  36  inch  panels  consisted  of  corrugations  and  were 

-constructed  to  simulate  the  structural  portion  of  an  insulated 
i panel  and  its  attachments  under  shear  and  pressure  and  thermal 
! conditions.  Attachment  techniques  utilised  consisted  of  integral 
''beams  on  the  long  sides  and  flexible  fittings  at  corners./ 

Thermal  tests  included  symmetrical  and  unsymmetrieal  heating  at  various  heating 
rates  to  temperatures  of  l8r/0°  F0  Sonic  tests  subjected  panels  to  152.5  db 
overall.  Pressure  tests  were  conducted  to  ultimate  load.  Shear  tests  were 
conducted  to  induce/  inch  of  shear  deflection  of  the  panel  across  the  23M  edge, 

lest  data  mo  summarized  in  the  xorin  0  r  graphs  and  taoulated  data 0  Photographs 
of  specimens  and  test  setups  are  included. 
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INTRODUCTION 

Background 


Thxa^  test  program  was  conducted  to  evaluate  non-insulated  surface 
panels  and  the  structural  part  of  insulated  panels,  under  simulated 
conditions  of. re-entry  load  and  environment.  The  concept  of 
reliance  on  high  temperature  integrity  of  the  panel  material  for 
sustained  load-carrying  capacity  under  aerodynamic  heating 
distiii; puisnes  these  structures  from  those  employing  cooling 
techniques .  The  panels  tested  wore  made  of  heat-treated  Sene'  4l, 


Objectives 


at.  was  required  to  determine  the  effects  on  the  panels  of  noise 
environments,  cyclic  heating,  thermal  gradients,  and  shear  and 
pressure  loads. 


oonic  tests  were  conducted  on  some  of  the  test  panels  in  order  to 
record  the  behavior  of  the  uanels  to  the  environmental  sonic 
conditions  encountered  in  flight.  Measurement  of  sound  pressure 
level  and  panel  motion  was  required  for  these  tests. 


A  series  of  thermal  fatigue  tests,  with  heat  applied  to  the  outer 
a  t»6>3  oi  the  panels  producing  a  temperature  gradient  across 
the  panel  thickness,  simulated  cyclic  re-entry  heating.  In  these  ? 
test.  ,  observation  of  damage  and  measurement  of  deflection  due  to 
differential  growth  between  inner  and  outer  surfaces  were  required. 


In  other  tests  the  panels  were  subjected  to  unsyrnmetrical  heat 
distribution  over  the  surface,  to  determine  the  effects  of  unequal 
edge  expansion  on  webs  and  attachments. 


The  pressure  tests  were  run  to  obtain  ultimate  pressure  loads  at 
room  and. elevated  temperatures  required  to  cause  failure  of  panel 
corrugations  and/or  edge  attachments. 


In  each  shear  test,  measurement  of  the  load  necessary  to  produce 
a  one-quarter  inch,  shear  deformation  in  the  panel  web  was  required, 
well  as  a  record  of  resulting  darna/je* 
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2.0  TEST  SPECIMEN  AND  INSTRUMENTATION 

2.1  Test  Specimen,  Dug.  25-20369-1  (Reference,  figure  229)  • 

2.1.1  Three  test  insulated  panels  were  fabricated  with  a  flat  .010'  erosion 
shield  with  overall  dimensions  of  23. 35"  x  17*0".  Two  grooves 
running  parallel  to  the  23.35"  sides  were  formed  into  the  shield 

at  l/3  span  points. 

2.1.2  Eleven  corrugations  with  a  pitch  of  1.50"  and  a  <75  depth  were 
formed  from  a  sheet  of  .008"  material. 

2.1.3  A  sheet  of  Inconel  200  mesh  wire  cloth  (.002  x  16.2"  x  12.0’  ) 

was  installed  between  the  corrugations  and  l/2"  Fiberfrax  insulation, 

2.1.4  The  shield, wire  cloth,  Fiberfrax  and  corrugations  were  riveted 
together  with  Z  clip  spacer  attachments. 

2.1.5  Three  clips  were  located  at  each  end  of  the  17*5"  edge  for 
mounting  purposes. 

2.1.6  The  skin,  clips  and  corrugations  were  Rene'  4l  (j  1610)  EMS  7”95 
material. 

2.1.7  Photographs  of  a  typical  panel  are  on  Figures  1  and  2,  Volume  I. 

2.2  Test  Specimen  Dwg.  25-20369-2 

2.2.1  Panel  25-20369-2  was  similar  to  25-20369-1  except  for  mounting 
support  configuration,  use  of  stabilized  Q-felt  insulation,  and 
use  of  Inconel  foil  instead  of  mesh.  Three  test  panels  were 
fabricated. 

2.2.3..1  One  end  of  the  panel  was  constructed  with  corner  tabs  for  mounting. 

2. 2. 1.2  Flexible  tabs  were  spotwelded  and  bolted  to  the  channel  in  a 
horizontal  and  vertical  position.  These  tabs  were  designed  to 
accept  loads  only  in  their  respective  planes. 

2. 2. 1.3  A  metallic  foil  seal  extending  outward  1.5"  from  the  panel  was 
attached  across  the  17.0'  ends. 

2. 2. 1.4  A  sheet  of  .004”  Inconel  foil  was  installed  between  the  corrugations 
and  stabilized  Q-felt  insulation. 

2.2.2  Photographs  of  a  typical  panel  are  shown  on  Figures  3  and  4,  Volume L. 

2.3  Test  Specimen,  Dwg.  25-20344-1  (Reference,  Figure  230). 

2.3.1  The  panel  was  fabricated  with  a  flat  .008"  skin  which  was  spot- 
welded  to  a  corrugated  .010"  stiffener  web.  The  web  had  twelve 
parallel  corrugations  0.75"  high  spaced  1-50"  apart. 

2.3.2  Overall  dimensions  were  23-35"  x  17.50". 
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2.4.6 
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2.4. 


2.4.9 


p .  q 


Three  clips  were  located  at  each  end  of  the  17.50"  edge  for 
mounting  purposes. 

The  skin  and  corrugations  were  Rene'  4l  (J  16.10)  BMS  7-95  material. 

Photographs  ox  the  panel  are  shown  on  Figures  5  and  6,  Volume  I. 

Test  Specimen,  Dwg.  23-20374-1  (Reference  Figure  231) 

Panel  was  fabricated  from  a  corrugated  O00o  Rene'  4l  skin  with 
overall  dimensions  23.40"  x  35*16". 

Panel  contained  23  corrugations  .75"  high  on  1.50"  centers. 

Formed  .030"  channel  support  beams-  were  spotwelded  to  the  corrugations 
and  to  .02"  clips  which  in  turn  were  spot  welded  to  the  corrugated 
panel  along  the  35.16"  sides.  Twelve  clips  per  side  were  used. 

Tabs  were  spotwelded  to  the  ends  of  one  support  beam,  parallel  to 
the  35*16"  edge  of  the  panel. 

A  .002"  Inconel  702  foil  seal  was  seamwelded  around  four  sides, 
extending  2,7"  beyond  the  35.16"  sides  and  1.6"  beyond  the  23.40" 

GXClOio  « 

The  foil  seal  was  folded  and  pleated  to  fit  around  the  corrugations 0 

Seven  .02"  electronic  deflection  indicator  clips  were  spotwelded 
to  the  panel;  one  at  each  corner,  one  at  the  center  of  each  p5«l6" 
side,  and  ono  at  the  center  of  the  panel. 

Three  .020"  x  .50"  x  1.0"  channels  were  bolted  to  the  support  beams. 

The  corrugations,  clips  and  support  beams  were  Rene'  41  (J  3.610) 

BMC  7-95  material. 

Photographs  of  the  panel  are  on  Figures  7  and  0,  Volume  I. 

Test  specimen,  Dwg,  <25-20; 


0  r  1 
c.  *  J  * 

Panel  25-20374-2  was  identical  to  panel  25-20374-1. 

2.6 

Test  Specimen,  Dwg.  25-20". 0-1  (Reference  Figure  23 2) 

2.6.1 

The  test  panel  was  fabricated  with  a  flat  ,00o"  skin 
dimensions  of  23.35"  x  3u.00".  Twenty-three  beads,  . 
on  1,50"  centers  were  formed  into  it. 

with  overall 

06"  high,  and 

2  0  6  0  2 

Twenty-three  corrugations,  with  a  pitch  of  1.50"  and  a  ,75"  depth, 
were  formed  from  a  sheet  of  .006"  material  and  spotwelded  to  the 
beaded  skin. 

2,6.3 

Channels,  formed  of  ,030  material,  were  bolted  to  the 
of  the  panel o 

36.00"  edges 

U3-407I-IWS 
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2.6.4  Two  .060"  attachment  plates,  one  on  each  end  of  one  channel  and 
parallel  to  the  36. 00"  side,  were  attached  to  the  channel. 

2.6.5  Electronic  deflection  indicator  clips  were  spotwelded  to  the  panel 
at  six  locations. 

2.6.6  Skin,  corrugations,  channels,  clips  and  attachment  plates  were  made 
from  Rene'  4l  (j  l6l0)  RMS  7-95  material. 

2.6.7  Photographs  of  the  panel  are  on  Figures  9,  10  and  11,  Volume  I. 

2.7  Test  Specimen,  Dwg.  25-20370-2 

2.7.1  Panel  25-20370-2  was  identical  to  panel  25-20370-1,  except  that  the 
panel  was  modified  for  two  nests,  LT-5593-2-6B  and  -4-4, 

2. 7. 1.1  Six  hat-section  stiffeners  were  riveted  to  the  corrugation  crest3 
to  increase  panel  rigidity . 

2. 7. 1.2  A  photograph  of  the  modified  panel  is  shown  on  Figure  12,  Volume  I. 

2.6  Test  Specimen,  Dwg,  25-20352-1  ( !h- fir  .*■  c.  ,  Figure  233). 

2.8.1  The  test  panel  was  fabricated  with  a  .008"  skin  into  which  five 
creases,  .20'  deep,  and  on  6.00  centers,  were  formed.  Overall 
finished  dimensions  were  36. 00"  x  23-35  • 

2.8.2  Twenty-three  corrugations,  with  a  pitch  of  1.50"  and  a  .75”  depth, 
were  formed  from  a  sheet  of  .008  material  aid  spotwelded  to  the 
creased  skin. 

2.8.3  Cix  .020"  support  clips  were  spotwelded  and  riveted  to  each  36.00' 
side . 

2.8.4  Two  formed  channels,  .032"  x  2.00"  x  .75",  vere  bolted  to  the 
support  angles  parallel  to  the  36. 00  sides. 

2.8.5  Skin,  corrugations,  support  angles  and  channels  were  made  from 
Rene'  4l  (j  l6l0)  BMS  7-95  material. 

2.8.6  Photographs  of  the  panel  are  shown  on  Figures  13  and  14,  Volume  I. 

2.9  Test  Specimen,  Dwg.  25-20352-2 

2.9.1  Panel  25-20352-2  was  identical  to  panel  25-20352-1  except  the  two 
.032"  x  .75  x  2.00"  channels  were  not  included. 

2.9.2  photographs  of  the  panel  are  shewn  on  Figures  15  and  l6,  Volume  I. 
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2.10 


INSTRUMENTATION 


2.10.1 


2.10.1.1 


2.10.1.1.1 


2.10.1.1.2 


2.10.1.2 


2.10.1.2.1 


2.10.1.2.2 


2.10.1.2.3 

2.10.1.3 

2 .10.1  A 

2.10.2 


Test  LT-5593-1  Sonic  Test  (Panels  25-20344  and  25-20369-1,  -2) 

Two  Altec  21  BR-200  microphones  were  used  to  monitor  the  sound,  level, 

One  microphone  was  placed  inside  the  progressive  wave  chamber  to 
monitor  the  sound  level  at  the  face  of  the  specimen. 

The  second  microphone  was  located  on  the  opposite  side  of  the 
specimen  external  to  the  progressive  wave  chamber. 

Three  non-contact  deflection  pickups  were  used  to  monitor  the  RMS 
deflections  of  the  panel. 

One  deflection  pickup  was  mounted  along  the  centerline  of  the  23.5" 
edge  at  l/4  point . 

I 

A  second  deflection  pickup  was  along  the  centerline  of  the  17*5 
edge  at  l/4  point . 

A  third  deflection  pickup  was  mounted  at  the  center  of  the  panel. 

Photographs  showing  microphone  and  deflection  pickups  are  shown 
on  figures  17  and  Id,  Volume  l . 

The  test  panels  were  instrumented  with  6  chromel-alumel  control 
thermocouples  for  the  heating  cycle  phase  of  the  test.  Bee 
Figure  65,  Volume  I. 

Test  LT-5593'2  Thermal  Cycle  Tests 


2.10.2.1  Test  LT-5593-2-1  (Panel  25-20374-1) 


2.10.2.1.1  Fifty-four  chromel-alumel  thermocouples  were  spotwelded  to  the 
panel  and  beaded  seals.  See  Figures  66,  67  and  68,  Volume  I. 

2.10.2.1.2  Electronic  deflection  indicators  were  attached  at  seven  locations 
to  measure  vertical  deflections.  Locations  are  shown  on  Figure  69, 
Volume  I . 


2.10.2.1.3  Electronic  deflection  indicators  were  attached  at  three  locations 
to  measure  horizontal  deflections  at  the  ends  and  midpoint  of 
one  35 .6'  side . 

2.10.2.2  Test  LT-5593-2-2  (panel  25-20374-2) 

2.10.2.2.1  Eleven  chromel-alumel  thermocouples  were  spotwelded  to  the  panel. 
Thermocouple  locations  are  shown  on  Figure  70,  Volume  I, 

2.10.2.2.2  Electronic  deflection  indicators  were  attached  at  five  locations 
to  measure  vertical  deflections.  Locations  are  shown  on  Figure  71, 
Volume  I. 

2.10.2.3  Test  LT-5593-2-3  (Panel  25-20352-1  and  25-20374-1) 
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2.10.2.3.1 

2.10.2.3.2 
2 . 10 .2.3o 

2.10.2.4 

2.10.2.4.1 

2.10.2.5 

2.10.2.5.1 

2.10.2.6 

2.10.2.6.1 
2.10.2.7 

2.10.2.7.1 

2.10.2.7.2 

2.10.2.7.3 

2.10.3 

2.10.3.1 

2.10.3.1.1 

2.10.3.1.2 

2.10.3.1.3 

2.10.3.2 

2.10.3.2.1 

2.10.3.2.2 


Ten  chromel-alumel  thermocouples  were  spotwelded  to  the  25-20352-1 
panel,  as  shown  on  Figure  72,  Volume  I. 

Eight  chromel-alumel  control  thermocouples  were  spotwelded  to  the 
25-20374-1  panel  as  shown  on  Figure  73,  Volume  I. 

Electronic  deflection  indicators  were  attached  at  five  locations 
as  shown  on  Figure  74,  Volume  I.  Quartz  rods  were  used  to  actuate 
the  electronic  deflection  indicators  D02,  D04  and  D06. 

Test  LT-5593-2-4  (panel  25-20352-2) 

Instrumentation  for  this  test  was  identical  to  that  for  LT-$593-2-3 . 
Test  LT-5593-2-5  (Panel  25-20370-1) 

Instrumentation  for  this  test  was  identical  to  that  for  LT-5593-2-3. 
Test  LT-5593-2-6  (Panel  25-20370-2) 

Instrumentation  for  this  test  was  identical  to  that  for  LT-5593-2-3. 
Test  LT-5593-2-6B  (Panel  25-20370-2 ) 

Ten  chromel-alumel  monitor  thermocouples  were  spotwelded  to  the 
panel  in  the  locations  shown  on  Figure  75,  Volume  I. 

Seven  chromel-alumel  control  thermocouples  were  spotwelded  to  the 
panel  in  the  locations  shown  on  Figure  75,  Volume  I. 

Five  electronic  deflection  indicators  were  attached  to'  the  panels 
as  shown  on  Figure  76,  Volume  I. 

Test  LT-5593-3  Shear  Tests 

Test  LT-5593-3-1  (Panel  25-20374-1) 

Eleven  chromel-alumel  monitor  thermocouples  were  spotwelded  to 
the  panel  in  the  locations  shown  on  Figure  77,  Volume  I. 

Wine  chromel-alumel  control  thermocouples  were  spotwelded  to  the 
panel  in  the  locations  shown  on  Figure  78,  Volume  I. 

I 

Five  electronic  deflection  indicators  were  attached  to  the  panel 
at  the  locations  shown  on  Figure  78,  Volume  I  to  measure  vertical 
deflections . 

Test  LT-5593-3-2  (Panel  25-20352-2) 

Thermocouple  installations  and  locations  were  identical  to  those 
of  Test  LT-5593-3-1- 

Eight  electronic  deflection  indicators  were  attached  at  the  four 
panel  corners  as  shown  on  Figure  79,  Volume  I. 
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Test  LT-5593-3-3  (Panel  25-20370-1) 

Thermocouple  installations  and  locations  were  identical  to  those 
of  Test  LT-5593-3-1. 

Eight  electronic  deflection  indicators  were  attached  to  the  panel 
at  three  corners  as  shown  on  Figure  80,  Volume  I. 

Test  LT-5593-^  Pressure  Tests 

Test  L?-5593-i»-l  (Panel  25-20374-1) 

Thermocouple  installations  and  locations  were  identical  to  those 
of  Test  LT-5393-3-1. 

Five  electronic  deflection  indicators  were  attached  to  the  panel 
at  the  locations  shown  on  Figure  78,  Volume  I. 

Test  LT-5593-^-2  (Panel  25-203/4-2) 

Eleven  chrome 1-alumel  monitor  thermocouples  were  spot we Idea  to 
the  panel  in  the  locations  shown  on  Figure  77  >  Volume  I. 

Nine  chrome 1-alumel  control  thermocouples  were  spotwelded  to  the 
panel  as  shown  on  Figure  78,  Volume  I. 

Five  electronic  deflection  indicators  were  attached  to  the  panel 
at  the  locations  shown  on  Figure  78,  Volume  I. 

Test  LT-5593-^-3  (Panel  25-20352-1) 

Thermocouple  installations  and  locations,  and  electronic  deflection 
Indicator  attachment  locations  are  identical  to  those  of  LT-5593-4-2 ► 

Test  LT-5593-^"^  (Panel  25-20370-2) 

Thermocouple  instnllations  and  locations,  and  electronic  deflection 
indicator  attachment  locations  are  identical  to  those  of  LT-5593-4-2|. 

Test  LT-5593-M  (Panel  25-20352-2) 

Electronic  deflection  indicator  number  and  location  was  Identical 
to  that  of  LT-5593-4-2. 

No  thermocouples  were  used  as  this  test  was  at  room  temperature. 

Test  LT-5593-4-6  (Panel  25-20370-1) 

Electronic  deflection  indicator  number  and  location  was  identical 
to  that  of  LT-5593-4-2. 

No  thermocouples  were  used  as  this  test  was  at  room  temperature. 
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2.10.5  Teat  LT-5593-5  Sonic  Teat  (panel  25-20344) 

2.10.5.1  Four  Altec  213P.-200  microphones  vere  used  to  monitor  sound  level 

2.10.5.1.1  The  microphones  vere  located  as  follows: 

Microphone  Location 

1  Center  of  ?4"  edge  nearest  horn 

with  panel  in  0°  position. 

2  Center  of  panel  -  outside  face. 

3  Center  of  24"  edge  farthest  from 

horn  with  panel  in  0°  position. 

4  Center  of  panel  -  inside  anechoic  box 

2.10.5.2  Three  non-contact  deflection  pickups  vere  used  to  monitor  the 
RMS  deflections  of  the  panel  in  an  identical  manner  to  that 
used  in  LT-5593-1- 
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3-0  TEST  SETUP 
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3.1.3 


;  3.1.4 

I 


3.1.5 


I 

J  3-2 

3.2.1 

3. 2. 1.1 


3. 2. 1.2 


# 


3-2. 1.3 

U3-407I  1000 


Test  Setup  for  LT-5593-1 

Sonic  test  panels  1477,  1478,  1479  (Panels  25-20344)  were  mounted 
through  the  end  clips  to  a  pair  of  .040  gage  Rene'  4l  channels  with 
3/l6"  dia.  bolts.  The  Re-ie’  '  channels  in  turn  were  attached  at 
each  end  by  l/2  dia.  bolt;  x  t  •  steel  frame  around  the  24"  open¬ 
ing  in  the  progressive  wave  ter;*  chamber.  The  23.5"  edge  of  the 
specimens  was  unsupported. 

Two  Altec-Lansing  Model  6786  electro-pneumatic  transducers  mounted 
at  the  throat  of  the  progressive  wave  chamber  served  as  the  sound 
■  source.  The  electrical  signal  to  the  transducers  was  provided  by 
an  Allison  3MAN9  noise  generator  and  octave  band  equalizer  through 
a  dual  channel  McIntosh  amplifier.  Refer  to  Figure  19,  Volume  I, 
for  a  photograph  of  the  sonic  test  setup. 

Sonic  test  panels  No.  1493,  1494,  and  1495  (panels  25-20369-1) 
were  mounted  through  the  end  clips  to  a  pair  of  .040  gage  Rene'  41 
channels  with  3/16"  dia.  bolts.  The  Rene'  4l  channels  were  attached 
at  each  end  by  a  l/2"  dia.  bolt  to  the  steel  frame  of  the  24 
opening  in  tne  progressive  wave  chamber.  The  23.35"  edge  was 
unsupported . 

Sonic  test  panels  No.  1497,  1498,  and  1499  (panels  25-20369-2) 
were  mounted  at  one  end  by  bolting  a  .040  Rene'  channel  with  six 
3/16'  bolts  to  the  three  tabs  provided.  Each  end  of  the  channel 
was  then  bolted  to  the  frame  of  the  test  chamber  with  two  l/2" 
bolts.  The  opposite  end  of  the  panel  (17.0"  edge)  was  secured 
to  the  test  frame  by  flexible  plates  in  horizontal  and  vertical 
positions .  The  edge  of  the  foil  seal  was  clamped  between  the  test 
frame  and  a  l/4  x  l/4  bar  with  five  5/32"  bolts.  See  Figure  20, 
Volume  I,  for  mounting  details. 

Four  Altec -Lnn sing  Model  6786  electro -pneumatic  transducers  mounted 
at  the  throat  of  the  progressive  wave  chamber  served  as  the  sound 
source.  The  electrical  signal  to  the  transducers  was  provided  by 
an  Allison  3MAN9  noise  generator  and  octave  band  equalizer  through 
a  dual  channel  McIntosh  amplifier. 

Test  Setup  for  L'T-5593-2 

Test  Setup  for  LT-5593-2-1  (panel  25-20374-1) 

The  test  panel  was  mounted  on  a  vacuum  box  lined  from  top  to 

bottom  with  2.5  thick  K-30  insulation  brick.  A  sketch  of  the  box 
is  shown  on  Figure  82,  Volume  I.  A  photograph  of  the  panel 
installation  is  on  Figure  21,  Volume  I. 

Two  25-20344  panels  were  placed  10.6  below  the  test  panel  in  the 
vacuum  box  to  simulate  a  proposed  upper  wing  panel . 

Thirty-seven  high  density  radiant  heat  lamps  were  mounted  above  the 
test  panel  and  were  controlled  from  eight  zones,  shown  on  Figure  78, 
Volume  I.  The  lamp  locations  are  shown  on  Figure  8l,  Volume  I. 
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A  beaded  seal  was  spotvelded  to  the  box  as  shown  on  Figure  22, 

Volume  I . 

An  overall  view  of  the  specimen  test  setup  is  shown  on  Figure  23, 
Volume  I* 

Test  Setup  for  LT-5593-2-2  (panel  25-20374-2) 

This  test  setup  was  identical  to  the  one  uoea  for  LT-5593-2-1, 
except  a  2.0"  thick  layer  of  Fibre  Frax  batt  was  placed  approximately 
two  inches  below  the  support  channels  of  the  test  panel. 

Test  Setup  fo*  LT-5593-2-3  (Panel  25-20352-1) 

The  test  panel  was  mounted  below  a  re-radiating  panel  as  shown  on 
Figures  82  and  24,  Volume  I. 

The  heat  lamp  setup  and  arrangement  was  identical  to  that  of 
LT-5593-2-1. 


Test  Setup  for  LT-5593-2-4  (panel  25-20352-2) 

Test  panel  mounting  and  heat  lamp  setups  were  identical  to  those 
of  LT-5593-2-3* 

Test  Setup  for  LT-5593-2-5  (Panel  25-20370-1) 

Test  panel  mounting  and  heat  lamp  setups  were  identical  to  those 

of  LT-5593-2-3- 

Test  Setup  for  LT-5593-2-6  (Panel  25-20370-2) 

Test  panel  mounting  and  heat  lamp  setups  were  identical  to  those 
of  LT-5593-2-3. 

Test  Setup  for  LT-5593-2-6B  (panel  25-20370-2) 

The  test  panel  was  mounted  in  the  vacuum  box  as  shown  on  Figure  83, 
Volume  I. 

The  heat  lamp  setup  and  arrangement  was  identical  to  that  of 

LT-5593-2-1. 

i 

Test  Setup  for  LT-5593-j 

Test  Setup  for  LT- 5593-3  -1  (Panel  25-20374-1) 

An  H52-1B  hydraulic  ram  was  attached  to  one  corner  of  the  test 
panel  in  order  to  apply  a  load  parallel  to  the  long  dimension  of 
the  panel. 

The  panel  was  mounted  in  the  vacuum  box  by  rigidly  fastening  the 
corner  opposite  the  loading  point  to  the  vacxitun  box,  using  a  welded 
up  fixture  of  .37"  Inconel  X  plates. 


00JEJ/VG 

no.  D2-80084 

.-e  I 

PAGE  IQ 

U3  407 1  1000 


1 


3. 3 .1.3  The  loaded  corner  was  restricted  to  motion  in  the  direction  of 
loading  by  attaching  it  to  the  box  with  a  .050'  Rene'  4l  ' Z ’  shaped 
fitting . 

3. 3.1. 4  The  general  arrangement  of  the  panel  mounting  in  shown  on  Figure  84, 
Volume  I. 

3. 3. 1.5  The  hydraulic  ram  setup  and  the  vacuum  box  were  rigidly  mounted 
to  the  tie  down  iails  in  the  floor  of  the  test  area. 


3. 3. 1.6  The  heat  lamp  setup  and  arrangement  was  identical  to  that  of 
LT-5593-2-1. 


3. 3. 1.7  A  photograph  of  the  setup  is  shown  on  Figure  25,  Volume  I. 
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Test  Setup  for  I/T-5593-3-2  (Panel  25-20352-2) 

The  entire  test  setup  was  identical  to  that  for  LT-5593-3-1- 

Test  Setup  for  LT-5593-3-3  (Panel  25-20370-1) 

The  entire  test  setup  was  identical  to  that  for  LT-5593-3-1- 

Test  Setup  for  LT-5593-4 

Test  Setup  for  LT-5593~4-l  (panel  25-20374-1) 

The  test  setup  was  identical  to  that  of  LT-5593-2-1,  except  that 
a  model  600  Jaeger  compressor  was  used  as  a  vacuum  pump  to  apply 
uniform  loading  to  the  test  panel  surface  by  creating  a  pressure 
differential  across  the  top  and  bottom  panel  surfaces. 

Test  Setup  for  LT-5593-4-2  (Panel  25-20374-4) 

The  test  panel  was  mounted  in  the  vacuum  box  as  shown  on  Figure  85, 
Volume  I. 

Inconel  702  foil  seals  were  spotwelded  to  the  panel  and  to  the 
vacuum  box  to  provide  a  seal  for  the  pressure  tests,  but  were 
omitted  in  the  un symmetrical  heat  cycles. 

A  two-inch  thick  Fibre  Frax  blanket  was  placed  below  the  panel 
in  all  tests  to  block  the  flow  of  heat  to  the  bottom  of  the  vacuum 
box. 

The  pressure  loading  setup  was  identical  to  that  of  LT-5593-4-1. 

Tiie  heat  lamp  setup  and  arrangement  was  identical  to  that  of 
LT-5593-2-1. 

Test  Setup  for  LT-5593-4-3  (Panel  25-20352-1) 

■ 

The  test  setup  was  identical  to  that  for  LT-5593-4-2. 
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3-4.4  Test  Setup  for  LT-5593-4-4  (Panel  25-20370-2) 

3*4. 4.1  The  test  setup  was  identical  to  that  for  LT-5593-4-2. 

3*4.5  Test  Setup  for  LT-5593-4-5  (Panel  25-20352-2) 

3.4.5.1  The  test  setup  was  identical  to  that  for  LT-5593-4-2  except  no 

heat  lamps  or  fibrefrax  insulation  was  used  since  the  test  was  to 
be  run  at  room  temperature. 

3.4.6  Test  Setup  for  LT-5593-4-6  (Fanel  25-20370-1) 

3* 4. 6.1  The  test  setup  was  identical  to  that  for  LT-5593-4-5. 

3.5  Test  Setup  for  LT-5593-5 

3*5.1  Panel  25-20344-1,  sonic  test  panel  No.  1477,  was  mounted  through 

the  end  clips  to  a  pair  of  ,04p  gage  Rene'  4l  channels  with 
3/16"  dia.  bolts.  The  Rene'  4l  channels  in  turn  were  attached 
at  each  end  by  l/2"  dia.  bolts  to  a  steel  "picture  frame"  jig. 

The  23.5'  edge  of  the  specimen  was  unsupported.  An  anechoic  box 
was  attached  to  the  underside  of  the  "picture  frame"  jig  to 
attenuate  the  sound  level  at  the  inside  surface  of  the  specimen. 

The  panel  mounting  fixture  was  built  so  that  the  angle  of  sound 
with  respect  to  the  panel  could  be  continuously  varied  at  any 
angle  from  0  to  90°.  The  exponential  steel  horn  was  rolled  up  to 
the  panel  mounting  fixture  with  the  axis  of  the  horn  bisecting  the 
23.5  panel  edge. 

3.5.2  Two  Altec-Lansing  Model  6786  electropneumatic  transducers  mounted 
on  the  exponential  horn  served  as  the  noise  source.  The  electrical 
signal  to  the  transducers  was  provided  by  an  Allison  3MAN9  noise 
generator  and  octave  band  equalizer  through  a  dual  channel  McIntosh 
amplifier. 

3.5.3  The  microphones  were  monitored  with  a  Ballantine  true  rms  meter 
and  a  General  Radio  octave  band  analyzer.  The  outputs  of  the 
displacement  pickups  were  also  measured  with  the  Ballantine  meter. 
The  output  of  both  the  microphones  and  the  displacement  pickups 
was  tape  recorded  on  a  4  sec.  continuous  loop  tape  for  each 
condition . 
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TEST  PROCEED 

Test  procedure  for  LT-5593'1  (Panels  25-20344-1,  No's.  147 ( >  14 1  J> 
1479) 

Each  of  three  panels  was  sonic  tested  for  five  minutes  at  an  overall 
sound  level  of  152  db.  The  output  of  the  microphones  was  analyzed 
on  a  General  Radio  octave  band  analyzer  and  also  recorded  on 
magnetic  tape .  The  microphone  output  octave  band  analysis  was 
compared  to  the  theoretical  design  spectrum.  The  output  of  the 
non-contact  amplitude  pickups  were  also  recorded  on  magnetic  tape. 

After  completing  five  minutes  of  sonic  testing,  the  panels  were 
inspected  for  failures  and  then  sent  to  the  Structures  Laboratories 
Heat  Lab.  for  a  15  minute  2000°F  heat  cycle  test.  (Ref.  Figure  14.3). 

The  panels  were  returned  to  the  Sonic  Laboratory,  inspected  for 
failures  and  photographed.  Each  panel  was  reinstalled  in  the 
progressive  wave  chamber  and  sonic  tested  to  the  same  spectrum 
for  an  additional  55  minutes.  Microphone  output  was  analyzed  on 
the  General  Radio  octave  band  analyzer  and  tape  recordings  made  of 
the  microphones  and  deflection  pickups  at  the  beginning  and  end 
of  the  55  minute  period.  Each  panel  was  removed  from  the  progressive 
wave  chamber  and  visually  inspected  for  additional  failures  at 
15  to  20  minute  intervals  and  at  the  end  of  the  test. 

Test  procedure  for  LT-5593-1  (Panels  25-20369-1,  No  s.  1493,  1494, 
1495  and  25-20369-2,  No's.  1497,  1496,  1499) 

Each  of  six  panels  was  sonic  tested  for  five  minutes  at  an  overall 
sound  level  of  152-5  db.  The  output  of  the  microphones  was 
analyzed  on  an  octave  band  analyser  and  compared  to  the  theoretical 
design  spectrum.  The  output  of  the  microphones  was  also  recorded 
on  magnetic  tape .  Spectral  density  analyses  were  made  from  these 
tapes . 


After  completing  five  minutes  of  sonic  testing,  the  panels  were 
inspected  for  failures  and  sent  to  the  Structures  Laboratories  Heat 
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Lab.  for  the  beat  environment  cycle 

The  panels  were  then  returned  to  the  Sonic  Laboratory,  inspected 
for  failures,  and  photographed .  Each  panel  was  reinstalled  in 
the  progressive  wave  chamber  and  sonic  tested  to  the  same  spectrum 
for  an  additional  55  minutes.  Microphone  output  was  analyzed  on 
the  octave  band  analyzer  and  tape  recordings  made  of  the  micro- 
phones  and  deflection  pickups  at  the  beginning  and  end  of  the  55  minute 
period.  The  test  plan  was  changed  during  this  phase  of  the  program 
to  include  a  30  second  test  at  an  increased  sound  level  of  157  >5  db 
and  another  30  second  test  at  an  increased  level  of  162.5  db.  Data 
were  recorded  during  each  new  level.  Panels  1497,  1498,  and  1499 
were  subjected  to  the  revised  sonic  levels.  Each  panel  was 
removed  from  the  progressive  wave  chamber  and  visually  inspected 
for  failures  at  15  to  20  minute  Intervals  and  at  the  end  of  the  test. 
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4.3  Test  procedure  for  LT-5593-2 

4.3.1  Test  procedure  for  LT-5593-2-1  (panel  25-<  0374-1) 

4. 3. 1.1  The  simulated  and  test  panels  were  subjected  to  a  heating  program 
consisting  of  ten  cycles  of  symmetrical  heat  application  to  a 
maximum  of  1750°F,  plus  an  unsymmetricnl  heating  cycle,  also  to 
1750°F,  as  shown  on  Figure  89,  Volume  I.  A  linear  temperature 
gradient  was  maintained  from  one  xong  edge  to  the  other. 

4. 3. 1.2  Vertical  and  horizontal  deflections  were  recorded  during  the  heat 
cycling . 

4. 3. 1.3  The  digital  data  system  was  employed  to  record  and  reduce  the  data. 

4.3.2  Test  procedure  for  LT-5593-2-2  (Panel  25-20374-2) 

I 

4. 3. 2.1  The  test  panel  vac  subjected  to  a  heating  program  consisting  01 
ton  cycles  of  symmetrical  heat  application  to  1870  I  maximum  plus 
an  urn ymmetr Leal  heating  cycle,  also  to  1870°?,  as  shown  on 
Figure  90,  Volume  I.  A  linear  temperature  gradient  was  maintained 
from  one  long  edge  to  the  other . 

4. 3. 2. 2  The  eleven  monitor  thermocouples  we  re  recorded  at  24-second  intervals 
utilizing  a  Leeds  and  1,'orthrup  strip  chart  recorder  and  a  Boeing- 
designed  stepping  switch.  The  outputs  from  the  five  electronic 
deflection  indicators  were  recorded  during  the  first  and  last  25 
minutes  of  testing  on  Electro  Instruments 1  X-Y  plotters. 

4.3.3  Test  procedure  for  LT-5593-2- 3  (panel  2y -20352-1) 

4. 3. 3.1  The  25-20374  panel,  mounted  in  the  outer,  or  upper,  position  on 
the  vacuum  box,  was  heated  from  above  and  re -radiated  its  heat  to 
the  test  panel  In  the  inner,  or  lower,  position  in  the  box. 

!  4. 3. 3. 2  The  test  panel  heat  program  is  shown  on  Figure  91,  Volume  I. 

4. 3 .3.3  Thermocouple  4a,  011  the  crest  oi  an  inner  panel  corrugation  (see 
Figure  72,  Volume  i),  whs  used  to  follow  temperature  on  a  manually 
controlled  preliminary  survey .  Control  thermocouple  ua^a  from  L-his 
survey  was  used  to  establish  the  program  curves  for  the  actual  test. 

4. 3. 3* 4  Vertical  panel  deflections  were  recorded  during  the  test. 

4.3.4  Test  procedure  for  LT-5593-2-4  (Panel  25-20352-2) 

4. 3. 4.1  Test  LT-5593-2 -4  was  run  in  a  manner  identical  to  that  of  test 

lt-5593-2-3 . 

4.3.5  Test  procedure  for  LT-559’ -2-5  (Panel  25-20370-1) 

4. 3. 5.1  Test  LT-5593-2-5  was  run  in  a  manner  identical  to  that  of  test 

LT-5593-2-3- 
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4.3.6  Test  procedure  for  LT-5593-2-6  (Panel  25-20370-2) 

4 .3 .6 .1  Test  LT-5593-2-6  vas  run  in  a  manner  identical  to  that  of  LT-5593-2-3 

4.3.7  Test  procedure  for  LT-5593-2-6B  (Panel  25-20370-2) 

4. 3. 7.1  Panel  25-2037^-2  vas  subjected  to  an  unuymmetrieal  heat  condition 
consisting  of  a  250°F  thermal  gradient  from  one  long  edge  of  the 
panel  to  the  other.  Maximum  temperature  was  1200°F.  See  Figure  92, 
Volume  I. 

4. 3* 7 *2  The  panel  was  heated  at  a  rate  of  15°F/sec  along  one  edge  and  at 
13°F/sec  along  the  opposite  edge. 


4.3.7. 3 

4. 3.7. 4 


Vertical  deflections  were  measured  during  the  heat  condition. 
Two  heat  cycles  were  run. 


4.4  Test  procedure  f  .r  LT- 5593-3 

4.4.1  Test  procedure  for  LT-5593-3-1  (Panel  25-20374-1) 


4. 4. 1.1  The  test  panel  was  heated  symmetrically  to  iy70°F  at  a  rate  of  5°F/sec. 


4. 4. 1.2 

4  .4.1.3 


4.4.2 


4. 4. 2.1 


4. 4. 2. 1.1 


4.4.3 

!  4. 4. 3.1 
4.5 

4.5.1 

4. 5. 1.1 


4. 5. 1.2 


After  the  panel  had  reached  test  temperature ,  a  shear  load  was  applied 
aw  a  rate  of  100  lb /min.  until  failure  of  the  panel  occurred. 

Electronic  deflection  indicator  readings  were  recorded  during  the 
test . 

Test  procedure  for  LT-5593-3-2  (Panel  25-20352-2) 


Test  procedure  for  LT-5593-3-2  was  identical  to  that  of  LT-5593-3-1 
except  the  panel  was  not  loaded  to  failure . 

Loading  was  discontinued  when  deflection  of  the  panel  at  the  loading 
point  had  reached  approximately  .40'  . 

Test  procedure  for  LT-5593-3-3  (Panel  25-20370-1) 

Test  procedure  for  LT-5593-3-3  was  identical  to that  of  LT-5593-3-2. 

* 

Test  procedure  for  LT-5593-4 

Test  procedure  for  LT-5593-4-1  (Panel  25-20374-1) 

The  heating  rate  was  to  have  been  3  degrees /second  until  the  test 
temperature  of  1750°F  was  reached .  The  panel  temperatures  were  then 
to  have  been  allowed  to  stabilize  after  which  a  load  rate  of  1  PSl/ 
minute  was  to  have  been  applied  to  the  panel  until  failure  occurred. 

(See  paragraph  6.4.1  for  actual  test  conduct.) 

To  prevent  the  seals  from  buckling  and  overheating  as  they  neared  the 
lamps,  a  uniform  load  of  approximately  Q.50  ?SI  was  applied  to  the 
test  panel  before  and  during  the  heating  period. 
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4. 5. 1.3 


4.5.2 

4. 5. 2.1 

4. 5. 2. 2 


4. 5. 2. 3 


4. 5. 2. 4 


4. 5. 2. 5 
4.5.3 
4. 5. 3-1 


4. 5-  3. 2 

4. 5-  3- 3 
4. 5. 3-4 


4. 5- 3-5 


4. 5. 3- 7 


4.5- 4 

4. 5-  4.1 
4.5*5 
4.5.5*1 
4.5* 5. 2 


a,,  Electro  instruments  X-Y  plotter  was  used  to  continuously  decora 
the  Pressure  differential.  The  pressure  transducer  was  located  nca 
the  bottom  center  of  the  vacuum  box  (reference  Figure  71, 

Fleven  monitor  thermocouples  were  recorded  at  24  second  in  ® 

a  reeds  &  Northrup  strip  chart  recorder  and  a  Boeing 
designed  stopping  switch.  Five  electrical  def lection  were 

also  recorded  continuously  on  Electro  Instruments  X  Y  p 

Test  procedure  for  M'-5593-4-2  (Panel  25-20374-2) 

The  test  panel  was  syrrretrically  heated  to  1870"F  at  a  rate  of  5*F/se<f. 

6  pressure  of  .50  PSI  was  applied  before  and  during  heating  perio- 
to^avoid  buckling  and  overheating  the  seals  during  heating. 

After  heating  stabilization,  test  pressure  was  applied  at  the  rate 
of  1.0  PSl/min.  until  failure. 

Load  was  measured  by  a  pressure  transducer  and  automatically  recorded 
on  an  X-Y  plotter . 

Vertical  deflections  were  measured  during  the  test. 

Test  procedure  for  LT-5593-4-3  (Panel  25-20352-1) 

The  test  panel  was  given  an  w. symmetrical  heat  cycle  by  heating  to 
2000 °F  along  one  long  edge  at  a  rate  of  15  F/sec,  ana  e 
1750°F  along  the  opposite  edge  at  a  rate  of  13  i/- 

Deflection  readings  were  taken  during  the  heating  cycle. 

The  test  panel  was  then  cooled  to  room  temperature . 

The  test  panel  was  then  given  a  symmetrical  heat  cycle  to  1870  F 
at  a  rate  of  5°F/sec. 

After  the  panel  had  reached  test  temperature,  test  pressure  vas 
applied  at  a  rate  of  1.0  PSI /mi n.  until  panel  failure. 


t.‘i.3.6  Deflection  readings  were  taken  during  loading. 


Load  was  measured  by  a  pressure  transducer  and  automatically  recordec 
on  on  X-Y  plotter. 

Test  procedure  for  LT-5593-‘>-1t  (P™el  25-20370-2) 

The  test  procedure  for  I1T-5593-W  was  identical  to  that  of  LT-5593-43. 
Test  procedure  for  LT-5593-9-5  (?™el  25-20352-2) 

Test  pressure wxs  applied  st  a  rate  of  1.0  PSl/mln.  until  panel  failurj. 

Load  was  Treasure!  bv  a  pressure  transducer  and  automatically  recorde 
on  on  X-Y  plotter. 
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4. 5. 5. 3  Vertical  deflections  were  measured  during  the  test. 

4.5.6  Test  procedure  for  LT-5593-4-6  (Panel  25-20370-1) 

4. 5. 6.1  The  test  pi'ocedure  for  LT-5593-4-6  was  identical  to  that  of 

Lt-5593-4-5 • 

4.6  Test  procedure  for  LT-5593-5  (Panel  25-20344-1,  No.  1477) 

4.6.1  The  panel  response  was  measured  at  two  overall  sound  levels,  l40  db 

and  147  db.  The  spectrum  was  shaped  to  the  design  octave  band 
spectrum  using  the  Allison  equalizer  with  the  panel  at  0’  sound 
incidence.  Tape  recordings  of  the  microphone  and  pickup  output 
were  made  ut  each  specified  angle  of  sound  incidence.  A  power 
spectral  density  analysis  was  run  on  each  recording  and  a  peak 
count  analysis  was  made  of  five  selected  recordings. 

4.7  Panel  Testing  Summary 


Panel  Drawing  Humber 

Panel  Number 

Testing  Sequence 

25-20344-1 

1477 

LT-5593-5,  -1 

1473 

LT-5593-1 

1479 

LT-5593-1 

25-20369-1 

1493 

lt-5593-1  [h> 

1494 

LT-5593-1  ^ 

1495 

lt-5593-1 

25-20369-2 

1497 

lt-5593-1 

1496 

lt-5593-1 

1499 

LT-5593-1 

'25-20352-1 

One  Panel  Tested 

LT-5593-2-3,  -4-3 

25-20352-2 

One  Panel  Tested 

LT-5593-2-4,  -3-2, 

-4-5 

25-20370-1 

One  Panel  Tested 

LT-5593-2-5,  -3-3, 
-4-6 

25-20370-2 

One  Panel  Tested 

LT-5593-2-6,  -2 -6b, 
-4-4 

25-20374-1 

One  Panel  Tested 

LT-5593-2-1,  4-1,  3-1 

25-20374-2 

One  Panel  Tested 

LT-5593-2-2,  -4-2 

Panel  was  subsequently  subjected  to  vibration  and  acceleration 

tests  as  detailed  in  D2-80080,  ‘'Insulated  Panel  Development  Dyna-Soar" . 
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5-1 

5.1.1 
5- 1.1.1 

5. 1.1. 2 

5. 1.1* 3 
5 .1 .1.4 
5-1.2 

5.1. 2.1 
5. 1.2. 2 

5. 1.2. 3 


TEST  RESULTS 

Test  results,  LT-5593-1 

Panels  25-20314,  No's.  ll77>  II78,  3.179 

The  individual  panel  test  logs  with  inspection  records  are  shown 
on  Figures  93  through  95 >  Volume  I. 

1-5  power  spectral  density  analyses  were  made  from  the  magnetic 
tape  records.  See  Figures  96  through  llO,  Volume  I. 

Time -temperature  graphs  of  the  heat  cycle  on  each  panel  are  pi*  tteu 
on  Figures  ill  through  ll3,  Volume  I. 

Microphone  output  compared  to  design  spectrum  is  shown  on 
Figures  ill  through  116,  Volume  I. 

Panels  25-20369-1,  No's.  H93,  3.191,  ll95  ^  25-20369-2,  No's  ll97 , 
1198,  1199 

The  individual  panel  test  logs  with  inspection  records  are  shown  on 
Figures  11-7  through  152,  Volume  I. 

TPC  power  spectral  density  analyses  of  sound  and  panel  amplitude 
plots  and  peak  counts  were  made  from  the  tape  recordings.  See 
Figures  153  through  222,  Volume  I. 

Microphone  output  compared  to  design  spectrum  is  shown  on 
Figures  223  through  22d,  Volume  I . 


5,2  Test  results,  LT-5593-2 

5.2.1  Test  results,  LT-5593-2-1  (Panel  25-20371-1) 

5 .2.1.1  Seven  vertical  deflections  were  recorded  to  determine  the  vertical 
deflections  of  the  25-20371  panel  center  and  the  centers  of  the  long 
edges  with  respect  to  the  panel  corners.  The  maximum  vertical 
deflection  occurred  during  the  early  cycles  at  the  panel  center  and 
was  approximately  0.10  inches.  See  Figures  1  through  16,  Volume  II. 


Horizontal  deflections  of  the  long  edge  (heated  to  15°0°F  maximum) 
mid  point  and  ends  were  measured.  No  significant  deviation  among 
the  three  measurements  was  observed.  Maximum  horizontal  de f le^+ ions 
reached  0.11  inches  during  the  first  ten  cycles  and  0.09  inch  during 
the  unsymmetrical  heating  cycle.  See  Figures  7  and  8,  "  ol.ume  TI . 

I 

Temperature  data  is  included  on  Figures  9  through  10,  Volume  II. 

Test  results,  LT-5593-2-2  (Panel  25-20371-2) 

Thermocouple  data  is  included  on  Figures  ll  through  66,  Volume  II. 
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5  .'2.2.2 
5.2.3 

5.2. 3.1 

5.2. 3.1.1 

5.2. 3. 1.2 
5.2. 3.2 

5.2.1* 

5.2. 4.1 

5. 2.4. 1.1 

5 .2.4 .1.2 

5 .2 .4 .2 

5.2.5 

5.2.5. 1 

i 

5.2. 5.1.1 


5.2. 5- 1.2 
5.2. 5.2 

5.2.6 

5. 2.6.1 

5. 2. 6. 1.1 

5. 2.6. 1.2 


Deflection  curves  are  included  on  Figures  67  through  71,  Volume  II. 

Test  results,  LT-5593-2-3  (Panel  25-20352-1) 

Deflection  of  the  inner,  or  test,  panel  was  measured  at  three  points. 

Deflections  at  two  comers  were  measured  to  provide  references  for 
panel  center  deflections.  Maximum  deflection  occurred  at  the  panel 
center  (EDI  D04)  and  was  0.24'. 

Deflection  vs.  time  records  are  included  on  Figures  72  through  76, 
Volume  II . 

Temperature  vs.  time  records  are  included  on  Figures  77  through  104, 
Volume  II. 

Test  results,  LT-5593-2-4  (panel  25-20352-2) 

Deflection  of  tie  inner,  or  test,  panel  was  measured  at  three  points. 

Deflections  at  two  comers  were  neasured  to  provide  references  for 
panel  center  deflections.  Maximum  deflection  occurred  at  the  panel 
center  (EDI  D04)  and  was  0.21  . 

Deflection  vs.  time  records  are  included  on  Figures  105  through  109, 
Volume  II. 

Temperature  vs.  time  records  are  included  on  Figures  110  through 
137,  Volume  II. 

Test  results,  LT-5593-2-5  (Panel  25-20370-1) 

Deflection  of  the  inner,  or  test,  panel  was  measured  at  three  points. 

Deflections  at  two  comers  were  measured  to  provide  references  for 
panel  center  deflections.  Maximum  deflection  occurred  at  the  panel 
center  (EDI  D04)  and  was  O.38'  . 

Deflection  vs.  time  records  arc  included  on  Figures  138  through 
142,  Volume  II. 

Temperature-  vs.  time  records  are  included  on  Figures  143  through 
168,  Volume  II. 

Test  results,  LT-5593"2-6  (Panel  25-20370-2) 

Deflections  of  the  inner,  or  test,  panel  were  measured  at  three  point* . 

Deflections  at  two  comers  were  measured  to  provide  references  for 
panel  center  deflections.  Maximum  deflection  occurred  at  the  panel 
center  (EDI  D04)  and  was  0.45". 

Deflection  vs.  time  records  are  included  on  Figures  169  through  173 > 
Volume  II. 
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5 .2.6.2  Temperature  vs.  time  records  are  included  on  Figures  174  through 
1ST,  Volume  II. 

5.2.7  Test  results,  LT'5593-2-6b  (Panel  25-20370-2) 

5. 2. 7.1  A  record  of  peak  test  temperatures  is  given  on  Figure  75  >  Volume  I, 

for  both  cycles. 

• 

5- 2. 7. 2  Maximum  deflection  of  the  panel  occurred  at  the  center  of  the 

panel  3*75  minutes  after  the  start  of  each  cycle  and  was  .465'  in 
cycle  one,  and  .490  in  cycle  two. 

5. 2. 7 -3  Deflections  at  all  EDI  locations  at  3*75  minutes  are  given  for  both 

cycles  on  Figure  76,  Volume  I. 

5. 2. 7. 4  Deflection  vs.  time  records  are  included  on  Figures  198  through 
202,  Volume  II. 

5.3  Test  results,  LT-5593-3 


5.3.1  Test  results,  LT-5593-3-1 


5. 3- 1.1 

5.3.2 

5. 3- 2.1 

5.3.3 

5. 3-  3.1 

5.4 

5.4.1 

5. 4. 1.1 

5. 4. 1.2 

5.4.2 

5.4. 2.1 

5 .4.2.2 
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No  data  was  taken  on  this  test. 

Test  results,  LT-5593-3-2  (Panel  25-20352-2) 

Deflection  vs.  load  curves  are  included  on  Figures  203  through 
210,  Volume  II. 

Test  results,  LT-5593-3-3  (Panel  25-20370-1) 

Deflection  vs.  load  curves  are  included  on  Figures  211  through 
218,  Volume  II. 

Test  results,  LT-5593-4 

Test  results,  LT-5593'4-1  (Panel  25-20374-1) 

The  pressure  applied  to  the  panel  remained  nearly  constant  during 
the  tests  (reference  Figure  219,  Volume  II).  Deflection  curves  are 
shown  on  Figures  220  through  224,  Volume  II.  The  maximum  recorded 
deflection  was  1.02  inches  measured  near  the  panel  center. 

Monitor  thermocouple  tempe ratures  during  power  and  panel  failures 
are  represented  on  Figure  225>  Volume  II. 

Time  vs.  temperature  curves  are  included  on  Figures  226  through 
233 >  Volume  II. 

Test  results,  LT-5593-4-2  (panel  25-20374-2) 


The  test  panel  failed  at  a  load  of  1.1  PSI. 

Panel  center  deflection  immediately  preceding  failure  was  .38"  measured 
from  the  panel  position  at  temperature  without  load. 
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5. 4.2. 3 

5.4.3 

5.4. 3.1 

5-4. 3.2 
5.4. 3- 3 

5. 4. 3.4 

5.4.4 

5. 4. 4.1 

5.4. 4.2 

5.4. 4. 3 

5 .4. 4. 4 

5-4.5 

5.4. 5.1 

5.4,6 

5 .4.6.1 
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Deflection  vs.  pressure  data  are  included  on  Figures  234  through 
238,  Volume  II. 

Test  results,  LT-5593-4-3  (panel  25-20352-1) 

Maximum  deflection  during  the  unsymmetrical  heat  cycle  was  .33" 
at  the  center  of  the  panel  at  maximum  temperature. 

During  the  pressure  phase,  the  panel  failed  at  a  load  of  2.05  PSI. 

The  deflection  of  the  panel  center,  immediately  prior  to  failure, 
was  .78"  measured  from  panel  position  at  temperature  without  load. 

Deflection  vs.  pressure  data  are  included  on  Figures  239  through 
243,  Valume  II. 

Test  results,  LT-5593-4-4  (panel  25-20370-1) 

The  maximum  deflection  during  the  unsymmetrical  heating  cycle  at 
the  panel  center  was  approximately  *8" . 

The  pressure  test  caused  panel  failure  by  buckling  at  2.05  PSI. 

Maximum  center  deflection,  at  instant  of  failure,  was  approximately 

1.0”. 

Deflection  vs.  pressure  data  are  included  on  Figures  244  through 
248,  Volume  II . 

Test  results,  LT  5593-4-5  (Panel  25-20352-2) 

Deflection  vs.  pressure  curves  are  included  on  Figures  249 
through  253;  Volume  II. 

Test  results,  LT-5593-4-6  (Panel  25-20370-1) 

Deflection  vs.  pressure  curves  are  included  on  Figures  254 
through  258,  Volume  II . 

Test  results,  LT-5593-5  (Panel  25-20344-1,  No.  1477) 

The  effect  of  sound  angle  of  incidence  on  panel  amplitude  at  140  db 
and  147  db  is  shown  on  Figure  259,  Volume  II.  In  addition,  49 
power  spectral  density  analyses  were  made.  See  Figures  260  through 

308,  Volume  II. 

Microphone  output  compared  to  design  spectrum  is  show,  on 
Figures  309  and  310,  Volume  II. 
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The  following  is 

teated. 

a  tabulation  of  types  of 

tests  run  and  panels 

LT- 5 593-1 

Sonic  Tests 

Panel  25-20344 
Panel  25-20369^ 

Sonic  Testa 

LT-5593-2-1 

Thermal  Cycle  Tests 

Panel  25-20374-1 

LT-5593-2-2 

Thermal  Cycle  Tests 

Panel  25-20374-2 

LT-5593-2-3 

Thermal  Cycle  Tests 

Panel  25-20352-1 

LT-5593-2-4 

Thermal  Cycle  Tests 

Panel  25-20352-2 

LT-5593-2-5 

Thermal  Cycle  Tests 

Panel  25-20370-1 

LT-559 3-2-6 

Thermal  Cycle  Tests 

Panel  25-20370-2 

LT-5593-2-6B 

Thermal  Cycle  Tests 

Panel  25-20370-2 

LT-5593-3-1 

Shear  Tests 

Panel  25-20374-1 

LT -5593-3-2 

Shear  Testa 

Panel  25-20352-2 

LT-5593-3-3 

Shear  Tests 

Panel  25-20370-1 

LT-5593-4-1 

Pressure  Tests 

Panel  25-20374-1 

LT-5593-4-2 

Pressure  Tests 

Panel  25-20374-2 

LT-5593-4-3 

Pressure  Tests 

Panel  25-20352-1 

LT-5593-4-4 

Pressure  Tests 

Panel  2p-203/0-2 

LT-5593-4-5 

Pressure  Tests 

Panel  25-20352-2 

LT-559 3-4-6 

Pressure  Tests 

Panel  25-20370-1 

LT-5593-5 

Sonic  Tests 

Panel  25-20344 

Two  25-20369-1  panels  were  subsequently  subjected  i,o  vibration  and 
acceleration  tests  as  detailed  in  D2-80080,  "Insulated  Panel 
Development  Dyna-Soar" . 
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6,0 

6.1 


6.1.1 

6. 1.1.1 

6. 1.1.2 
6.1.1. 3 


6. 1.1.4 

6. 1.1. 4.1 

6.1. 1.4.2 


6 .1.1.4 .3 
6.1.2 
6. 1.2.1 


6. 1.2.2 


TEST  OBSERVATIONS 

Test  observations,  LT-5593-1 

Panels  25-20344,  No's.  1477,  1478,  1479 

No  failures  were  detected  at  the  end  of  the  first  five  minutes  of 
sonic  testing.  At  the  end  of  the  15  minute  heat  test,  the  panel 
skins  had  assumed  a  general  waffle -like  appearance  and  numerous 
spot weld  failures  and  skin  cracks  occurred  along  the  supported 
edges  of  the  specimen.  At  each  inspection  interval  during  the  55 
minute  sonic  teet,  additional  spotweld  failures  and  skin  cracks 
were  detected. 

Diagrams  indicating  spotweld  failures  and  skin  cracks  due  to  heat 
and  sonic  testing  are  presented  on  Figures  86,  87  and  88,  Volume  I. 

Photographs  of  the  specimens  after  the  5  minute  sonic  test  and 
2000°F.  heat  test,  but  prior  to  the  55  minute  sonic  test,  are 
shovn  on  Figures  26,  27  and  28,  Volume  I,  with  the  failures 
marked  with  an  inking  pen. 

Photographs  of  the  specimen  after  the  55  minute  sonic  test  are  on 
Figures  29,  3°  and  3-i,  Volume  I. 

The  reasons  that  the  heat  cycles  differed  for  each  panel  were  as 

follows : 

* 

Panel  1477  -  During  the  increase  from  1300°F.  to  2000°F.,  a  bad 

Thyratron  in  phase  II  of  the  power  unit  for  Zone  2  caused  Zone  2 
to  have  a  slower  heat  rate  than  Zone  1. 

Panel  1473  -  After  the  temperature  had  been  at  2O00°F.  for  25 
seconds,  a  malfunction  of  equipment  cutoff  power  to  the  heat 
lamps.  The  temperature  decreased  to  ambient  and  Dyna-Soar  personnel 
inspected  the  panel.  The  panel  was  then  heated  to  2000nF.  and 

held  there  for  15  minutes. 

Panel  1^79  -  All  test  conditions  were  completed  according  to  the 
predetermined  time -temperature  program. 

Panels  25-20369-1,  No’s.  1493,  1494,  1495  and  25-20369-2,  Mo's.  1497, 
1498,  1499 

No  failures  were  detected  at  the  end  of  the  first  5  minutes  of 
sonic  testing.  Sonic  testing  of  the  panels  after  the  heat  lest 
produced  no  detectable  structural  failures  on  visual  inspection 
in  the  Sonic  Lab .  Small  fragments  of  the  Fiberfrax  insulation 
crumbled  and  vibrated  from  between  the  skin  structure  and  wire  mesh 
backing  along  the  exposed  edges  of  panels. 

Photographs  of  the  specimens  after  the  5  minute  sonic  test  and  the 
2000°F.  lie  at  test,  but  prior  to  the  55  minute  sonic  test,  are  shown 
on  Figures  32  through  43,  Volume  I. 
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6. 1.2. 3  Panel  1494  was  burned  so  badly  during  the  heat  test  that  further 

sonic  testing  was  not  completed  on  this  panel. 

6.2  Test  observations,  LT-5 593-2 

6.2.1  Test  observations,  LT-5593-2-1,  Panel  25-20374-1 

6. 2. 1.1  Thermocouples  on  the  beaded  seal  indicated  temperatures  in  excess 
of  2000°F  during  the  first  cycle  and  necessitated  the  disconnection 
of  seven  lamps  in  this  area  for  the  remainder  of  the  test .  The 
beaded  seal  temperatures  were  then  observed  to  have  a  maximum 
gradient  of  approximately  J00°F  and  did  not  exceed  1700°F.  One 
corner  of  the  25-20374  panel  was  consistently  200°F  below  the  rest 
of  the  panel  at  maximum  temperature. 

6. 2. 1.2  Thermocouples  show  that  a  non-linear  lateral  temperature  distribution 
during  the  unsymnetrical  heating  cycle  subjected  the  25-20374 

panel  to  more  thermal  stress  than  if  the  required  linear  distribu¬ 
tion  could  have  been  produced. 


6.2.13  Surface  panel  damage  if  any,  could  not  be  detected.  Only  broken 
spotwelds  between  the  panel  seal  and  the  beaded  seal  were  evident. 

6.2.2  Test  observations,  LT-5593-2-2  (panel  25-20374-2) 

6. 2. 2.1  Thermocouple  data  indicate  that  maximum  panel  surface  temperature 
deviations  from  the  required  temperatures  occurred  during  the  11th 
or  unsymmetrical  heating  cycle  . 

6. 2. 2. 1.1  Thermocouple  No.  7  reached  a  maximum  of  l630°F  during  this  cycle 
versus  the  l870°F  stipulated.  Similarly,  during  the  11th  cycle, 
thermocouples  no.  4  required  a  1685V  maximum  and  no.  40  required 
a  1500 °F  maximum.  They  reached  maximums  of  1720°F  and  1545 °F 
respectively.  A  panel  surface  temperature  (thermocouple  no.  7) 
of  l660°F  maximum  was  indicated  as  the  largest  deviation  from  the 
required  temperature  of  l870°F  from  the  symmetrical  heating  cycles 
reported . 

6. 2. 2. 2  The  surface  of  the  Fiberfrax  batt  nearest  the  test  panel  reached  a 
maximum  of  1455 °F  forty -nine  minutes  after  the  start  of  the  test. 
The  gradient  through  the  two  inch  thick  insulation  at  this  time  was 
520°F. 

6- 2. 2 *3  Temperature  readings  for  the  lower  crest  of  the  corrugation  at  the 
panel  center  (reference  corrugation  at  the  panel  center,  Figure  4l, 
Volume  II,  thermocouple  no.  3)  are  not  reported  due  to  a  faulty 
thermocouple . 


D2-80084 


PAGE 


32 


1 


6. 2.2.1 

6.2. 2. 5 

6.2.3 
6. 2. 3.1 


6.2. 3.2 

6.2.1 

6. 2. 1.1 

6.2.5 
6. 2. 5-1 


6.2.6 
6. 2. 6.1 

6.2.7 
6.2,7- 1 


Deflection  curves  indicate  that  a  maximum  vertical  deflection  of 
0.37  inches  occurred  during  the  first  heating  cycle  near  the  center 
of  the  panel.  Bee  Figure  70,  Volume  II. 

Buckling  of  the  seals  caused  spotveld  failures  and  some  damage  to 
the  panel  seal.  One -half  inch  diameter  Inconel  702  foil  disks, 
spotwelded  to  the  panel  seal  in  an  attempt  to  repair  holes  or 

damage  incurred  during  fabrication,  loosened  considerably. 

Test  observations,  LT-5593"2-3  (Panel  25-20352-1) 

Due  to  limitations  of  the  X-Y  plotters  it  was  necessary  to  block 
out  the  time  base  on  the  deflection  record  during  some  of  the 
cycles  on  each  test.  The  deflection  curve  for  each  of  these 
cycles  is  represented  by  a  straight  vertical  line  from  which  only 
maximum  and  minimum  deflections  con  be  read. 

Examination  of  the  deflection  curves  and  the  tested  panel  revealed 
that  no  damage  resulted  from  the  tests. 

Test  observations,  LT-5593-2-1  (Panel  25-20352-2) 

Examination  of  the  deflection  curves  and  the  tested  panel  revealed 
that  no  damage  resulted  from  the  test3. 

Test  observations,  LT-5593~2-5  (Panel  25-20370-1) 

Due  to  limitations  of  the  X-Y  plotters,  it  was  necessary  to  block 
out  the  time  base  on  the  deflection  record  during  some  of  the 
cycler  on  each  test.  The  deflection  curve  for  each  of  these  cycles 
is  represented  by  a  vei’tical  line  from  which  only  maximum  and 
minimum  deflections  can  be  read. 

Deflection  of  one  panel  corner  was  indicated  by  the  plotter  as 
being  approximately  0.25"  on  cycles  5  nnd  6.  (See  curve  for 
EDI  D01).  Since  this  corner  is  limited  in  vertical  motion  by 
brackets  attached  to  the  vacuum  box,  (see  plan  view,  Figure  82, 
Volume  l),  this  data  is  questionable.  Examination  of  the  bracket 
installation  after  test  showed  no  failure  of  this  attachment  that 
could  have  allowed  this  much  deflection.  Also  an  operational 
check  of  the  recording  equipment  indicated  normal  performance. 

Test  observations,  LT-5593-2-6  (Panel  25-20370-2) 

Examination  of  the  deflection  curves  and  the  tested  panel  revealed 
that  no  damage  resulted  from  the  tests. 

Test  observations,  LT-5593-2-6B  (Panel  25-20370-2) 

A  visual  examination  of  the  panel  following  the  test  did  not  reveal 
any  damage. 
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6.3.1 

6. 3. 1.1 

6. 3. 1.1.1 
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6.3.2 
6. 3- 2.1 

6.3*3 
6. 3- 3-1 


6.4 

6.4.1 

6 .4 .1 .1 


6 .4 .1 .2 


Test  observations,  LT-5593-3 

Test  observations,  LT-5593-3-1  (Panel  25-20374-1) 

Panel  deflections  vent  beyond  calibration  range  of  the  EDI's. 

Calibrated  range  of  the  EDI's  was  .25".  Panel  deflections  exceeded 
1.0"  under  heat  and  load. 

No  valid  data  was  taken  and  rone  is  presented.  Failure  of  the  panel 
under  load  prevented  a  rerun  of  the  test. 

Test  observations,  LT-5593-3-2  (panel  25-20352-?) 

A  visual  examination  of  the  panel  following  the  test  did  not  reveal 
any  damage . 

Test  observations,  LT-5593-3-3  (Panel  25-20370-1) 

A  visual  examination  of  the  panel  following  the  test  did  not  reveal 

any  damage . 

Test  observations,  LT-5593-4 

Test  observations,  LT-5593_4-l  (Panel  25-20374-1) 

The  tost  was  conducted  as  planned  with  a  uniform  load  of  0.50  FS1 
and  a  heating  rate  of  approximately  three  degrees/second  being 
applied  until  a  plant  ->ower  failure  occurred  577  seconds  after  the 
start  of  the  test.  This  power  failure  caused  heat  to  be  lost 
from  the  eight  control  zones  shown  on  Figures  225  through  233 > 

Volume  II.  Following  power  return  to  the  heating  lamps,  the 
panel  was  heated  at  a  rate  over  one-hundred  degrees/second  as  the 
computer  attempted  to  return  to  the  heating  curve . 

Between  the  time  of  uower  failure  and  return  to  the  heating  curve 
the  corrugations  of  1/2  the  penel  (zone  5)  buckled  at  the  upper 
crests  at  their  beam  centerline.  Because  power  to  the  lamps  of 
thb  different  zones  could  not  be  restored  to  the  panel  concurrently, 
temperature  gradients  may  have  induced  enough  thermal  stress  to 
cause  the  failure  in  zone  5  •  The  maximum  gradient ,  approximately 
1040°F  occurred  between  zone  1  and  zone  5  at  the  test  time  of 
602  seconds.  Vote  that  the  control  thermocouple  temperature  curve 
on  Figure  229,  Volume  II,  represents  the  temperature  of  the  zone  4 
region  adjacent  to  zone  6  only . 

Additional  study  of  the  data  indicates  the  possibility  of  panel 
failure  occurring  in  zone  5  prior  to  the  failure  time  as  indicated 
by  a  deflection  indicator  (reference  Figure  223,  Volume  II) 
located  near  the  center  of  the  panel.  Flagnote  1  on  Figure  230, 
Volume  II,  points  out  that  the  control  thermocouple  for  zone  5 
indicates  that  the  panel  lost  temperature  as  it  was  being  reheated 
following  the  restoration  of  plant  power. 
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One  probable  explanation  is  that  the  control  thermocouple  moved 
away  from  the  heat  lamps  as  the  corrugations  failed  in  the  area 
of  zone  5.  The  failure  of  the  corrugations  in  ^.one  5>  detected  in 
this  manner,  would  then  have  occurred  approximately  29  seconds  prior 
to  the  failure  as  indicated  by  the  deflection  near  the  center  of  the 
panel  nine  inches  away. 

* 

6.4.2  Test  observations,  LT-5593-4-2  (Panel  25-20374-2) 

6. 4. 2.1  The  panel  failure  consisted  of  buckling  of  the  corrugations  and 
"caving  in"  of  the  panel. 

6. 4. 2. 2  Photographs  of  panel  damage  are  on  Figures  44  through  48,  Volume  I. 

6.4.3  Test  observations,  LT-5593-4-3  (Panel  25-20352-1) 

6. 4. 3.1  The  unsymmetrical  heat  cycle  produced  no  visible  damage. 

6. 4. 3. 2  Panel  damage  due  to  pressure  is  shown  in  the  photographs, 

Figures  49  through  52,  Volume  I. 

6.4.4  Test  observations,  LT-5593-4-4  (panel  25-20370-2) 

6. 4. 4.1  The  unsymmetrical  heat  cycle  resulted  in  damage  as  shown  on  Figures 
53  and  54,  Volume  I. 

6. 4. 4. 2  Panel  damage  is  shown  in  the  photographs  on  Figures  55,  56  and 
57;  Volume  I. 

6.4.5  Test  observations,  LT-5593-4-5  (Panel  25-20352-2) 

6. 4. 5.1  The  test  panel  foiled  under  pressure  as  shown  on  Figures  56,  59  arid 
60,  Volume  I. 

6.4.6  Test  observations,  LT-5593-4-6  (Panel  25-20370-1) 

6. 4. 6.1  The  test  panel  failed  under  pressure  as  shown  on  Figures  6l 
through  64,  Volume  I. 

6.5  Test  observations,  LT-5593-5  (Panel  25-20344-1,  No.  1477) 

6.5.1  Figure  259,  Volume  II,  shows  the  effect  of  sound  angle  of 
incidence  on  panel  amplitude  response.  The  Dyna-Soar  sonic 
fatigue  program  has  been  setup  to  test  specimens  at  0°  (grazing) 
incidence . 
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